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Abstract 

We consider deeply virtual Compton scat- 
tering (DVCS) on a photon target, in the 
generalized Bjorken limit, at the Born order 
and in the leading logarithmic approxima- 
tion. This leads us to the extraction of the 
photon anomalous generalized parton distri- 
butions (GPDs) [Bll]. 

1 Introduction 

At high energies, the point-like nature of the 
photon dominates over its hadronic compo- 
nent. This allows for a purely perturbative 
evaluation of its structure functions F2 and 
which have therefore been the subject of 
much work during the seventies because, at 
this time, this unique feature was hoped to 
allow for an experimental confirmation of the 
fractional charge of quarks. Still at this time, 
the photon structure functions were also un- 
der intense study due to the completely dif- 
ferent behaviour that they exhibit, compared 
to the nuclcons structure functions. Indeed, 
it had been proven in [3] that F2 shows a 
log behaviour already at the parton model 
(PM) level and, what was even more surpris- 
ing, that this PM result is renormalized when 
taking into account QCD corrections [4]. A 
very accurate determination of the photon 
structure functions is now available (see 
also [6] ) and it is in accord with experiments 

m- 

*L. Sz. is supported in part by the Polish Grant 
1P03B02828 



On the other hand, for a bit more than ten 
years, one has been interested in the gener- 
alisation of DIS processes to exclusive hard 
reactions (see [5] for the case with photons). 
This gave birth to new objects relevant for 
studies of the nucleons structure: the gener- 
alized parton distributions. DVCS on a real 
photon target looks like a theoretical labora- 
tory for the study of the properties of GPDs. 
It may also become an interesting process for 
an electron-photon collider [H [10] . 



2 The DVCS process 

Deeply virtual Compton scattering on a pho- 
ton target 

i*{q)i{pi) i{q')i{p2) 

involves, at leading order in aem, and zeroth 
order in as, six one-loop Feynman diagrams: 
one box, one 'crossed' and one 'cat-ears' with 
quarks in the loop ('quarks' diagrams), and 
three similar diagrams with antiquarks ('an- 
tiquarks' diagrams). 

The amplitude of the process 7*7 — > 77 
with one virtual and three real photons can 
be written as 

where in our kinematics the four photon po- 
larization vectors e{q), e'*{q'), ei(pi) and 
£2(^2) are transverse. The tensorial decom- 
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position of T^''"^ readfH [TT] 



9t 9t + ffT 5t 



and it involves three scalar functions Wi , i = 
1,2,3. 

The final result of our calculation of the 
DVCS amplitude can be expressed as an in- 
tegral over the quark momentum fraction x. 
It reads 



W^ 



4Nc 
2 7r2 



dx- 



2x 



a;2 + (1 - a;)2 - ^2 



x(i-e) 



-ei^x^O 



a;2 + (l + a;)2-^2 



log 



W2=0 

and 

^3 = 4-4- I dx 
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i-e 



e{i-x)e{i + x) 

-2 _ (1 - 



-x-i)- 



1 + ^ 



(3) 

At this point, there are two important things 
to know about the intermediate steps of the 
calculation. First of all, each Feynman dia- 
gram possesses an UV divergence. These di- 
vergences cancell when summing the 'quarks' 



Tor simplicity, we restricted to the case where 
Ay, the transverse part of A = p2 — Pli vanishes, 
that is zero scattering angle (but there is still a lon- 
gitudinal momentum transfer). 



box, crossed and cat-ears diagrams contribu- 
tions (obviously a similar cancellation also 
occurs when summing the 'antiquarks' dia- 
grams contributions). The second point con- 
cerns the cat-ears diagrams. Although it is 
crucial to include their contributions to can- 
cell UV divergences, they do not lead to any 

2 

log ^ terms, therefore the handbag domi- 
nance interpretation of the leading logarith- 
mic result will be justified. 

We now want to interpret this result from 
the point of view of QCD factorization based 
on the operator product expansion, yet still 
in the zeroth order of the QCD coupling con- 
stant and in the leading logarithmic approx- 
imation. For this, we write for any function 
jF(a;,^) the obvious identity : 

M2 

+ log^, (4) 

where Mp is an arbitrary factorization scale. 
We will show below that the first term with 

2 

log -^5" may be identified with the quark con- 
tent of the photon, whereas the second term 

with log corresponds to the so-called pho- 
ton content of the photon, coming from the 
matrix element of the two photon correlator 
^^("1)^1^(1) which contributes at the same 
order in aem as the quark correlator to the 
scattering amplitude. Choosing M|. = 
will allow to express the DVCS amplitude 
only in terms of the quark content of the pho- 
ton. 

3 QCD factorization of the DVCS 
amplitude on the photon 

To understand the results of Eqs. ([T][3|) within 
the QCD factorization, we first consider two 
quark non local correlators on the light cone 
and their matrix elements between real pho- 
ton states : 
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pi 



fl 7 7 7 

-e-^(7(p')|g-(-2iV)7.A^g(-iV)|7b)) 



(5) 



and 



^e^-^{^{p'm-'-N)^.N^^qC-N)\^{p)) 

ZTT Z Z 



where we note ~ n/n.p and where we ne- 
glected, for simphcity of notation, both the 
electromagnetic and the gluonic Wilson lines. 

There also exists the photon correla- 
tor F^f'{-^N)F''^{^N) (where F^^' = 
N^F'^f^), which mixes with the quark oper- 
ators [3] , but contrarily to the quark correla- 
tor matrix element, the photonic one begins 
at order a^^, as seen for instance in the sym- 
metric case (where Z = ^N): 

-e^-^{^{p2)\F''^{-Z)F^''{Z)gTM,)) 

= ~9lir''e^{p^)el{p^){l-e)m+x)+5{l~x)]. 

(6) 

The quark correlator matrix elements, cal- 
culated in the lowest order of aem and as, 
suffer from ultraviolet divergences, which we 
regulate through the usual dimensional reg- 
ularization procedure, with d = 4 + 2e. We 
obtain (with i = - + 7b — log47r) 



F" = 



47r2 
with 



log TO 



(7) 



for the ^ V symmetric (polarization aver- 
aged) part. A similar result for the antisym- 
metric (polarized) part can be found in our 
original publication [5] . 

The ultraviolet divergent parts arc re- 
moved through the rcnormalization proce- 
dure involving both quark and photon corre- 
lators. The i terms in Eq. ([7| define the non- 
diagonal element Zqq ff of the multiplicative 
matrix of rcnormalization constants Z. The 
i terms arc then subtracted by the rcnormal- 
ization of quark operators. The rcnormaliza- 
tion procedure introduces a rcnormalization 
scale which we here identify with a factor- 
ization scale Mf in the factorized form of 
the amplitude. Imposing the rcnormalization 
condition that the renormalized quark corre- 
lator matrix element vanishes when the fac- 
torization scale Mf ~ m, we get from Eq. ([7]) 
for the renormalized matrix element ([5|) 

= -£r9'T^M^AP2)iogj^Fix,0 , 

F 

and a similar result for the antisymmetric 
case. 

These results permit us to define the gen- 
eralized quark distributions in the photon, 
7J«(a:,e,0), as 

Fl = -9lireM<iP2)H!{x,^,0) , 

F« =ze'-P^e^(pi)6:(p2)i?|(.T,e,0) 

and to write the quark contribution to the 
DVCS amplitude as a convolution of coeffi- 
cient functions and distributions Hf 



+ (1 - x)^ - 



x^ + ii+x)^~e, 



[l>x>0 



dx C^ix)Hf{x,(,0) 



dxC\ix)Hlix,(,0) 



(8) 



> X > -1) 



9{^>x> -0 



where the Born order coefficient functions 
^v/A attached to the quark-antiquark sym- 
metric and antisymmetric correlators are the 
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usual hard process amplitudes 



1 



± 



X — ^ + irj X + — irj 



We recover in that way the log xt^- term in 

the right hand side of Eq. ^ . 

The photon operator contribution to the 
DVCS amplitude at the order considered 
here, involves a new coefficient function cal- 
culated at the factorization scale Mp, which 
plays the role of the infrared cutoff, convo- 
luted with the photon correlator ^ or with 
its antisymmetric counterpart. The results 
of these convolutions effectively coincide with 
the amplitudes calculated in Section 2 with 
the quark mass replaced by the factorization 
scale m Mp, and leads to the second term 
in the right hand side of Eq. ^ . The trivial- 
ity of Eq. ^ in fact hides the more general 
independence of the scattering amplitude on 
the choice of the scale Mp which is controlled 
by the renormalization group equation. 

We still have the freedom to fix the fac- 
torization scale Alp in any convenient way. 
Choosing Mp = kills the logarithmic 
terms coming from the photon correlator, 
so that the DVCS amplitude is written (at 
least, in the leading logarithmic approxima- 
tion) solely in terms of the quark correlator, 
recovering a partonic interpretation of the 
process. 

4 Conclusion 

We derived the leading amplitude of the 
DVCS process on a photon target. We have 
shown that the amplitude coefficients W.f 
factorize in the forms shown in Eq. ([8]), ir- 
respectively of the fact that the handbag di- 
agram interpretation appears only after can- 
cellation of UV divergencies in the scattering 
amplitude. We have shown that the objects 
Hf{x,S^^t) are matrix elements of non-local 
quark operators on the light cone, and that 
they have an anomalous component which is 
proportional to log(Q^/m^). They thus have 



all the properties attached to generalized par- 
ton distributions. 

This work is the first step towards the 
study of the anomalous generalized parton 
distributions in the photon. It would be 
nice to consider the ^ kinematics. 
Another logical step beyond this analysis is 
the inclusion of QCD corrections. Since we 
have demonstrated the presence of anoma- 
lous terms both in the DGLAP and ERBL 
regions, this can be done by solving the 
non-homogeneous DGLAP-ERBL evolution 
equations, which are the generalisation of the 
non-homogeneous DGLAP equations for the 
photon structure functions. 
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